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Sme~ARY

This study was undertaken to find an easy-to-use take-off distance
prediction method and to evaluate its applicability to STOL aircraft.
For the purpoies of this present study STL aircraft were defined as
those requirtng a take-.off ground roll of less than 1000 ft..

Two existing take-off ground roll estimate methods wre evaluated
by cojqmring predicted values v.th available data for several STOL
aircraft. h7e resulting accurac!ies vere respectively vithin 9% and.
li$ error.

It was found that one of thece methods could be further simplified
and yet still yield acceptable results. That is, excluding two
predictions this simplified method yielded an accuracy within 13% error.

In addition, some correlatioi was found to exist between short
take.off &round roll and total distance over a 50 ft obstacle. As
a result an expression was derived relating the two.
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INMI0DATION

Inmany preliminary studies and analyses of new aircraft
systems it is necessary to predict take-off distances before
detailed characteristics of the aircraft are available. As a
result, approximate methods requiring a aJnizm of inlput data
are very heavily relied upon. A number of these reliable quick-
estimte methods are presently employed for cacnenzianal "lac•
take-off aircraft and it was the purposw of this study to reviet
these methods for application to STO rircraft. For the purposes
of this present study STOL aircraft are defined as those requiring
a ground roll of less than 1000 ft.

STOL aircraft take-off dis;ance predictions yielded by a
number of quick-estimate methoo.i were coasted with available
SM aircraft data. Two of thtse methods predicting take-off
ground roll vere selected for tvrther evaluatica =d will be
discussed herein. In additior, ix correlation between take-off
ground roll and total diatancu oear a 50 ft obstacle is shown.
An equation relating the two ,me 4,eveloped to obtain for a given
ground roll a first approxim&;ir. of total take-off distance over
a 50 ft obstacle.
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DISCUSSICW

HARMAN MEOD

The Weapon Systems Analysis Office has long used a reasonably
accurate quick-estimate method for predictink take-off ground roll
distance for conventional "long" take-off air-raft. Reference 1
presents this method •ich originally appeared in a NACA report,
reference 2, by I. P. HartiLm. It is derived fron the fundamntal.
equation for aircraft ground roll,

VT 0s = w/g 5 (v/F) dV

with the assumpti••.•ULthe effective force, F, which is a function
of velocity can be evaluated at an average velocity. Tis led to

W V2

SGR = -

Harti showed that for all conventional take-off aircraft during the
ground run the inverse of the aceleration varies alwot linearly
with the square of the velocity. As he polted out in reference 2
this %a3 the basis for the use of an average velocity equal to 0.707 V..0
in evaluating A%,. Therefore HartQax's method as presented in
reference 1 is outlined as follows.

= 2

S6)4 T-D-p(W-L14

vhere S., - take-off ground roll (ft)
W - take-off gzou weight (LBS)

= aircraft velocity at take-off (ft/sec)
T = take-off thrust at O.7Y, (LBS)

D = drag at 0.7VM , ground attitude

P= coefficient of rolling friction

L - lift at 0.7 (O ground attitide
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The above inputs, in most cases, during the preliminary design
stsNe rxe readily availlable or can be estimated with reasonable
ac cn:iracy.

Aerodraamic and perfornance data for a limited number of propeller-
d.riven STOL aircraft vare copled and applied to Hartman's method
ini order to compare the predicted ground rolls with flight test values.
Sindard Akrcraft Characteristics chart ground rolls, although not
necessarily based on fligbt test, are official service estimates and
w.e.re used mtw.ere expli cit flight test values were not eUailable. As
shown in figture 1, the predicted ground roll was plot';ed versus a
flight test ýr SAC chart value. Each aircraft with tae exception of
the Helio Courier, breguet 941, and the C-l30E is represented by three
gr.Aud rolls at various groiss weights. These exceptions, vhich are
due: to the United amouut of data available, are represented by only
one ground roll. it is evident that all predicticnn as indicatod
by the 5% F td 10% error bands are within 9% of the fJlight test values.

KETTLE M i D

D. J. X !ttle, in the January, 1958 issue of Aira.raft &igineering
?resented a .wv•thod for estimating ground roll distancle at take-off
tand landing). Essentially this method consisted of a soluticm for
the basic ground roll expression

W sV VdV

which led to

sOw/s logio T/Wo-
CO ?A~, ~C) [L/w,'] [(Ct~o - CL /L

Kettle's graphical solution for this cunbersome wpression is
partially reproduced in figure 2 and it is seen that this chart was
constructed using (T/W) -p, (c 0& -JA CLGt )/CLC, CL., and W/S as
input paramters. It is worth naing that Kettle suggested that the
thrust, T, be calculated at 0.TVm &ich incorporates the average
vel%>2ity used by Hartman. To illustrate the use of Kettle's chart
the following approximate data are given for an aircraft at staAd
day- sea 1wel conditions.
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Cc•= 0.23 CLO= 2.10
cc.** 1.60 -T = 1
W/S = 45 lb/ft2  T.Tr,,= 5920 ibs

0 = 0.025 T/W = o.395
W = 15, 000 los CL 4 = 0.040

(T/u) -,= 0.370 (Cof.t- c.CL,)/CL = 0.090

CL7T0 - 2.10 W/S = 45

These above inputs exe applied as indicated by the dashed line
in figure 2. The resulting prediction is seen to be 870 ft. As vas
true of the Hartmn case the above input data, in general, during
"the p design stage are readily available or car be estimated
with reascaiable accuracy.

Using the basic MM aircraft data compiled to evaluate the Hartman
method, the inyats for the Kettle method vere also derived and appliel
to the chart in figure 2. For convenience the CL," and Cc% for the
Kettle method -ere taken at 0.7 Vm. Using the same nummer of aircraft
azd procedures as for figure 1, the resulting predicticms mere plotted
in figure 3. As shown, all prdctioas were within 11% error.

In order to cchupre the predictions of both methods, table I containw
for each aircraft gross twdght their respective T.O. ground roll estimates.
(Te data points in figures 1 and 3 vere taken from this tabulation).

Due to the lack of available STOL jet aircraft data both of the above
nothods wre evaluated with only propeller-driven aircraft. It is stressed,
how•ver, that this should not necessarily preclude their applicatim to
jet aircraft. Ue Hart method, in fact, is presently used successfully
with conventional "long" take-off jet aircraft. !Te Kettle method vhtch
vas derived from thi same basic ground ro equation with no major aesswntims
should be equally as applicable.

DEW M HAFWAA M OD

Admittedly, even the relatively simple inputs required for the take-.
off prediction methods discussed above are smaetimes difficult to obtain.
To determine the effective thrust used in the Hartman method, for exaaple,
a kaovledge of both take-off thrust and drag at 0.7 of the take-off spe
is required.
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Upon examining the OL aircraft dsta compiled for the Hartman
method it was found -Lhc1 on the average an aircraft's take-off effective
thrust at 0.707TV40 wes approximately 70% of its take-off static thrust.
Using this obserration in the form of an assumptiz (i.e. T. 0.7T0 ,
with the basic ground distance expression used by Hartman, ground runs
were estimated for & limited number of SMOL aircraft. In a manner similar
to figure 1, figure 4 indicates the accuracy of these predictions. As
shown, only two predictions fell beyond 13% error. It is therefore
evident that this fwu-her assumption (Te = 0.7To) as indicated by the
aircraft data applied etill alloed, one to make a reasonably accurate,
rapid estiastion of take-off ground roll.

It is noted, hoiver, that the significant difference between the
rate of jet and propeller-driven aircraft thrust degradation during
take-off ground rolJ. prevents the appli cati c of this simplified Hartman
method to jet adrcraft. It appears that for this latter application
the average aircraft effective thrust is typically a higher percentage
of static thrust lhan it is fc• propeller-driven aircraft. Due to
the lack of sufficient STVL jet aircraft data available for this present
sted.y, no attempt could be made to determine a zdazingful average
percentage value for Jet aircraft.

TOTAL ZAKE-0FF DI13TAICE

Esinating climb distance over a 50 ft obstacle with a method
comparable to the simplicity and accuracy of the Hartman or Kettle
ground roll methods appears to be virtually impossible. The climb
distance, which is mathematically more complicated, cannot be accurately
predicted via a general quick-estimate method. This study reviewed
two very simple total take-off distance over a 30 ft obstacle methods
and fo-d that they yielded unacceptable accuracies. Errors up to 30%
and 50%, respectively, were experienced and, therefore, they were not
given any furl'Jer consideration.

In view of this difficulty in estimating climb distance, referen'e
I plotted for a large -umber of conventional "long" take-off aircraft,

'ourd1 roll verses total take-off distance over a 50 ft obstacle avd
with the resul.ting linear relatim formulated an expression for
predicting the total take-off distance. In order to obtain a similar
expression for STOL aircraft, the same procedure was followed in figure 5,
tn that for a number of CTOL aircraft, ground. run was plotttd versus
total take-off distance. AU of the points .epresent propeller-driven
aircraft with ground rolls less than 1,000 ft and total tizoff
distances less than 1600 ft. Where the available !:ta made it possible,
all of the aircraft were represeunted by three points, Z.hat i., take-off
distances at three gross weights. it is noted that this figure contains
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a great mg = •e dta points fcw STOL aircraft then previous figures
since only take-off grouAn roll and total take-off distance vere Co
required for these data points. A line having the eqwition ST• = Srost
was fotu to give a reasmably good correlatiu vith these data points.
Given a gxvmt roll distance less than l(0 ft for a cocnventuial
take-off aircraft this expresaion mW be used as a first approxiatixlm
of 'the total take-off distance over a 50 ft obstacle.
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CONCIAUMONS

Twm methods for rapidly estimating the ground roll distance during
take-off appear to yield acceptable results on the basis of ccmpeariso
with a limited sample of S10L aircrsat tUt data.

1. The Hartan method for estimating take-off gro=,4 roll
yielded predictioms that vere withia 9 error.

2. Mie Kettle iethod for estimting take-off ground roll yielded
predictions that were within 11$ error.

3. The Rawmm method further uiql ed by the aesouptics that
the take-off effective thrust equals 7(O of the take-off static thrust
yielded pedictims, with two exceptios, within 13% error.

4. No solution coable to the simplcity or accuracy of above
methods was found to exist for total take-off distanct over a 50 ft
obstacle. Me erpresasi Sm.- 4 8ZR8 *ich in based on a correlatimc,
can be used as a first apprctuation to the total take-off d~istance.
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FIGtJR 1. -A~I MMfOD TAKE-OFIF GROUI{D ROLL PREDICTIONS

VS c&iK.;+1+E FLICHT IZEST OR SACC MART VPALUES
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IILINES OF CONSTANT VALUE.1OF (COGR -UCLGR) /CLTO LINES OF CONSTANT CLTO
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THE CHART IS DERIVED FROm THE FOLLOWIW4 EXPRESSION

5 G1 !j(Se90 W) c -L - _G L .~ 0  j

s~o ToKE-OiF GROUND ROL.L (FEET)
V - AIRCRAF- WEAN TAKE-OFF VEIrjHT0

-RELAT.VIE AIR DENSUTY
S - AIRtCRAFT WING AREA &
T T AKE-OFF THRUST AT a7 TOI

TO ,IAKE-OFF YELOCiTY wj
c - TOTAL DRAG COEFFICIENT. WITH A-O41)N EFFECT!M

CLC~t - LIFT COEFFICIENT IN ROLLING ALTITUDE WITH
GRCAJI4D EFFECT

C1 ., - LIFT COEFFICIENT AT TAKEýOFF

. ROLLUNG COEFFICIENT OF FMICliON0

FIGURE 2. KETTLE METHOD FOR ESTIMATING TAKE-OFF GROUND ROLL



FIGURE 3. U= ME¶OD TAE-OFF GROUND ROLL PREDICTIONS
16w. VS RESPECTIVE FLIGHT TEST OR SAC CHART VAUES Z-YI 5%
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FIGURE 8DXPIYIE) HARWtN 14E21D T.AKE-OFF GRCJJNI ROLL
i~oci - * ICETICO1NS VS RP&PECTIXT E FLIGHT, M3 :R - %
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FIGURE 5." TA•E-OFF GRCfl•D BOLT VS TOAIC T.U-E-OFF DISTAINCE OVER A
160 50 nT OE STACIE -" -

.01

1200.

1000*

6o

0 8

Flagged symbols400 J •• indicate data

2" points baseed on
flight test.

200
100

.00 700 800 g o W

-TAKE-OFP GROUDh ROILL


